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(DNS) . $\text{ }$ .
1941 Kolmogorov , $\delta u,$ $=u(\mathrm{x}+r\mathrm{e}_{1})-u(\mathrm{x})$
. ( K41 . )
$S_{p}(r)=\langle\delta u_{f}^{p}\rangle\propto\overline{\epsilon}^{\varphi/3}r^{p/3}$ (1)
$\langle\rangle$ . $\eta<<r\ll L$ . $L$
, $\eta=(\nu^{3}/\epsilon)^{1/4}$ Kolmogorov . $\overline{\epsilon}$
.
$\ovalbox{\tt\small REJECT}\equiv\langle\epsilon\rangle=\langle\frac{\nu}{2}(\frac{\partial u_{\dot{l}}}{\partial x_{j}}+\frac{\partial u_{j}}{\partial x_{1}}.)^{2}\rangle$ (2)




$E(k)=K\overline{\epsilon}^{2/3}k^{-5/3}$ , $\mathrm{K}$ Kolmogorov .
, (1) .
, , -5/3











$m_{r}= \ln\overline{\epsilon}-\frac{1}{2}\sigma_{1\mathrm{n}\epsilon_{r}}^{2}$ , $\sigma_{1\mathrm{n}\epsilon_{r}}^{2}=A+\mu\ln(L/r)$ (6)
. $\mu$ , A . K41
$\langle\delta u_{f}^{p}|\epsilon_{f}\rangle\propto\epsilon_{f}^{p/3}r^{p/3}$
$\epsilon_{f}$
. , $\epsilon_{f}$ , .
$S_{p}(r)= \int_{0}^{\infty}\langle\delta u_{f}^{p}|\epsilon_{r}\rangle d\epsilon_{f}\propto\overline{\epsilon}^{p/\epsilon}(r/L)^{\mu p(p-3)/18}$ (7)
$\xi_{p}$ , $\mathrm{p}$ . –) – $\text{ }$.
, K62 . ,
, .
$\epsilon_{\delta}(\mathrm{x})=\frac{15\nu}{r}\int_{0}^{f}(\frac{\partial u_{1}(\mathrm{x}+y\mathrm{e}_{1})}{\partial x_{1}})^{2}dy$ (8)
, , ,
(Praskovski&Oncley 1997). Praskovski
, – $R_{\lambda}$ , $\epsilon_{\epsilon}$ PDF ,
$\mathrm{r}$ Gauss . , $R_{\lambda}.=\overline{u}\lambda/\nu$ , Gauss
.
1 , ’ – $j\mathrm{s}$ ’ . ,
$\mathrm{r}$ , – $J\mathrm{s}$ $\mathrm{r}$ –)
.
$\epsilon_{\mathrm{r}}(\mathrm{x})\sim\frac{[\delta u_{r}(\mathrm{x})]^{3}}{r}$ (9)
(9) , $\mathrm{x}$ H $\delta u_{r}(\mathrm{x})$ $\mathrm{x}$ $r$
$\epsilon_{f}(\mathrm{x})$ . , Kraichnan(1974)
, $\epsilon_{f}$ $\epsilon$ , ,
, . ,
$\langle$ $\rangle$ $\langle\epsilon_{f}\rangle$ .
$r$
.
$\Pi_{f}\equiv-\frac{1}{4}\frac{\partial}{\partial r_{j}}(|\delta \mathrm{u}(\mathrm{x}, \mathrm{r})|^{2}\delta uj(\mathrm{x}, \mathrm{r}))$ (10)
DNS , DNS 2 .
, –)
, , . ,
.
2
DNS ( ) . ,
.
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Label $\mathrm{N}$ $k_{\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT} a}$.
$\mathrm{r}\ovalbox{\tt\small REJECT} 1$ $1024^{3}$ 483
run2 1024’ 483
$1\ovalbox{\tt\small REJECT}$
$\nu$ $.\mathrm{c}$’ forcing range
28 $\mathrm{x}104$ 051 1 $\ovalbox{\tt\small REJECT} k\ovalbox{\tt\small REJECT} 2$




$R_{\lambda}E\epsilon.\cdot\overline{\overline{\lambda LT_{eddy}^{av}}}\text{ }2.\mathrm{f}\mathrm{f}\mathrm{i}\mathrm{f}\mathrm{f}\mathrm{i}\mathrm{f}\mathrm{l}\text{ }--$
$\frac{\eta}{3951.820.5122.58\mathrm{x}10^{-3}1.249.83\cross 10^{-2}!.139536}$.
km \eta
463 1.78 0.493 1.99 $\mathrm{x}10^{-3}$ 0.9618.39 $\mathrm{x}10^{-2}$ lJ50 171
, Navier-Stokes .
$\frac{\partial \mathrm{u}}{\partial t}+(\mathrm{u}\cdot\nabla)\mathrm{u}$ $=$ $-\nabla p+\nu\nabla^{2}\mathrm{u}+\mathrm{f}$ (11)
. $\mathrm{u}$ $=$ 0 (12)
$\mathrm{f}$ :Gaussian force (white noise in time)
$\nu$ . $\rho=1$ . 3 $(!1),.(12)$
. (11) ,
. . Navier-Stokes





1 , 2 . $T_{eddy}^{av}$
, $\epsilon_{r}$ $\Pi_{r}$ . , run $R_{\lambda}$






, $\phi$ . (1) $\}$ .
, 2 . , $(k\eta)^{5/3}$
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$E(k)\propto k^{-5/3}$ , $R_{\lambda}$
. . Kolmogorov $K$ , 163 .
Kolmogorov $K$ , $1.62\pm 0.17$
(Sreenivasan 1995). DNS .
K4mh-Howarth-Kolmogorov
2 3 K-H-K , 2 3
, . (14) .
$\frac{4}{5}\overline{\epsilon}r$ $=$ -D $+6 \nu\frac{\partial D_{LL}}{\partial r}+Z$ (14)
$D_{LL}$ $\equiv$ $\langle(\delta u_{\mathrm{r}})^{2}\rangle$ , $D_{LLL}\equiv\langle(\delta u_{f})^{3}\rangle$
D D 2 3 , $Z$ . , \hslash
, D $\overline{\epsilon}r$ 4/5 . , Kolmogorov 4/5
. , 2 D flat .
3.2
PDF Flatness
, (4) , $y$ – $j\mathrm{s}$ $r$
, .
$\epsilon_{r}(\mathrm{x})$ $=$ $( \epsilon(\mathrm{x})\rangle+\frac{1}{V_{r}}\int_{V_{r}}\tilde{\epsilon}(\mathrm{x}+\mathrm{y})d\mathrm{y}$
$=$ $\langle$ $\epsilon(.\mathrm{x}))+3\int_{V_{r}}\tilde{\epsilon}(\mathrm{k})(\frac{\sin(kr)}{k^{3}r^{3}}-\frac{\infty \mathrm{s}(kr)}{k^{2}r^{2}})\mathrm{e}^{1\mathrm{k}\cdot \mathrm{x}}.d\mathrm{k}$ (15)
$V_{f}=4\pi r^{3}/3,\tilde{\epsilon}(\mathrm{x})$ .
3 , $(\epsilon,-\langle\epsilon_{\mathrm{r}}\rangle)/\sigma(\epsilon_{t})$ PDF . $\sigma(\epsilon_{r})$ $\epsilon_{t}$ . $R_{\lambda}=395$ .
$r$ |a , $=2\pi/1024$ . –)$\mathrm{s}$ $r$ , PDF
. , $r$ Gauss .
4\sim 6 , (h\epsilon r--( \epsilon 7 $\rangle$ )/\sigma (1n\epsilon 7) PDF . $\sigma(\ln\epsilon_{r})$ $\ln\epsilon_{f}$
. Kolmogorov 3 –]r , $\epsilon$, PDF Gauss
. $\mathrm{r}$ , Gauss .
4 , ( $\epsilon_{\mathrm{r}}-(\ln\epsilon_{\mathrm{r}}\rangle)/\sigma(\ln\epsilon_{\mathrm{f}})$ PDF .
Gauss . $(\ln\epsilon_{r}-\langle\ln\epsilon_{r}\rangle)/\sigma(\ln\epsilon_{f})$
PDF( 5) Gauss . , Gauss
, $10^{-4}$ . $\epsilon_{t}$ PDF Gauss
, Flatness .
$F= \frac{\langle(1\mathrm{n}\epsilon_{r}-(1\mathrm{n}\epsilon,\rangle)^{4})}{\langle(1\mathrm{n}\epsilon_{r}-\langle 1\mathrm{n}\epsilon_{r}\rangle)^{2}\rangle^{2}}$ (16)
$r/\eta$ . 7 , ,
Flatness 3 . , $\ln\epsilon_{\mathrm{r}}$ PDF Gauss . ,
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Flatness 3 . $\ln\epsilon_{f}$ PDF Gauss
. , $R_{\lambda}=395$ 3 , $R_{\lambda}=463$
. , ,
.
$\epsilon_{r}$ PDF $\mathrm{r}$ , .
Gaussian ,
, $\eta$ . , $\eta$
, . $\epsilon^{G}(\mathrm{x})$
PDF , . $(>>\eta^{3})$ , $\epsilon_{f}^{G}(\mathrm{x})$
PDF Gauss . ( 8)
. $\mathrm{L}$ .
$(\gg L^{3})$ $\epsilon(\mathrm{x})$ , $\mathrm{r}$ $\mathrm{L}$
, Gauss $\epsilon_{f}$ PDF
. , Gauss , $r>L$ $\epsilon_{f}$ PDF , Gauss .
$\mathrm{r}$
$\epsilon_{f}$ Gauss PDF $\epsilon_{r}$ , $\ln\epsilon_{f}$ PDF
. , $\mathrm{r}$ \eta ( $L$) ,
, . 1
2 , $\eta$
. , $L/\eta\approx 440=2^{n}$ $R_{\lambda}=395$ $n\approx 8.8$
, $L/\eta\approx 577=2^{n}$ $R_{\lambda}=463$ $n\approx 12.5$ .
, $\ln\epsilon_{f}$ PDF Gauss .
$\epsilon_{r}$ $\mathrm{p}$
$\epsilon_{r}$ $\mathrm{p}$ , lognormal .
$\langle\epsilon_{r}^{p}\rangle=A_{p}\overline{\epsilon}^{p}(\frac{L}{r})^{\mu p(p-1)/2}$ (17)
9 $|\mathrm{h}r/\eta$ $\langle\epsilon_{f}^{2}\rangle(r/\eta)^{\mu}$ . $(r/\eta)^{\mu}$ ,
$\langle\epsilon_{r}^{2}\rangle\propto r^{-\mu}$ . $\mu$ , 020\sim 025 ,




$\langle\Pi(\mathrm{r})^{2}\rangle\approx\frac{S_{6}^{L}(\mathrm{r})}{r^{2}}=\frac{\langle|\delta u_{r}|^{6}\rangle}{r^{2}}\propto r^{\xi_{6}^{L}-2}$ (18)
DNS , $R_{\lambda}=395$ $S_{6}^{L}(\mathrm{r})\propto r^{1.79}$ ($R_{\lambda}=463$ .77), $\langle\Pi(\mathrm{r})^{2}\rangle\approx S_{6}^{L}(\mathrm{r})/r^{2}\propto$
$r^{-0.21}$ . 021 , $R_{\lambda}=395$ $\mu=0.20$ . , $\epsilon_{r}^{G}$ $\mathrm{p}$
10 . $\epsilon^{G}$ Gaussian , . ,




$\langle\Pi_{f}\rangle$ \leftrightarrow DNS .
11 . $r/\eta$ , $\langle\Pi_{f}\rangle/\langle\epsilon\rangle$ , 1 $\langle\Pi_{r}\rangle\approx\langle\epsilon\rangle$
. 11 , 1 Flat .
$\langle\Pi_{f}\rangle\approx\langle\epsilon\rangle$ .
$f$ PDF
$r$ PDF 12 $\mathrm{r}$ , PDF
. , . , Gaussian Field





$\mathrm{p}$ $\langle\Pi_{t}^{p}\rangle$ . , ( $\Pi_{r}^{p}\rangle$
1 . , K41 , $(\beta<0)$ ,
. . , 15 , $\langle\Pi_{r}^{2}\rangle$
$\langle\Pi_{r}^{p}\rangle/\langle oe\rangle$ . $\langle\Pi_{f}^{p}\rangle$
$\mathrm{p}$
, .
, Gaussian Field $\mathrm{p}$ 16 . $\Pi_{f}$
. (10) , $\Pi_{f}$ $\mathrm{p}$
$\langle \mathfrak{B}\rangle\alpha\langle(\delta \mathrm{u}\delta \mathrm{u}\delta \mathrm{s})^{p}\rangle$ (19)
. $\delta \mathrm{s}=(\nabla \mathrm{u})+(\nabla \mathrm{u})^{t}$ . Gaussian , (19)
.
$\langle(\delta \mathrm{u}\delta \mathrm{u}\delta \mathrm{s})^{p}\rangle\approx(\delta \mathrm{u}^{2p}\rangle$
$\langle(\delta \mathrm{s})^{p}\rangle$ (20)
$\langle(\delta \mathrm{s})^{p}\rangle$ , $\langle\delta \mathrm{s}\rangle\propto\epsilon^{1/2}$ , $\langle(\delta \mathrm{s})^{p}\rangle\approx\langle\epsilon^{p/2}\rangle$ . K41 , $\langle\delta \mathrm{u}^{2p}\rangle\propto r^{2p/3}$
, $\langle\epsilon^{p/2}\rangle\propto$ . $\langle\Pi_{f}^{Gp}\rangle$ ( 16), 14 $\langle\Pi_{r}^{p}\rangle$ , $\mathrm{p}$
. $(r/\eta)^{2p/3}$ , 17 Flat . , $\langle\Pi_{\mathrm{r}}^{Gp}\rangle\propto$







$\epsilon_{t}$ PDF Gauss . –)r ,
.
$\ln\epsilon_{r}$ PDF , $\mathrm{r}$ K62 3 , Gauss
. , $\mathrm{r}$ , Gauss ,
206
Gauss . – $\ovalbox{\tt\small REJECT}$ $\mathrm{r}$ , Gauss
.. Gaussian Field $\epsilon_{r}^{G}$ Gauss .
. \epsilon r Flatness. $\ln\epsilon_{r}$ Flatness , 3 . , $\ln\epsilon_{r}$
PDF Gauss .
Flatness 3 , Gauss
. , K62 3 – $J\mathrm{s}\mathrm{r}$ –)
, $\mathrm{r}$ Gauss .
.
$\epsilon_{r}$ $\mathrm{p}$




$\langle\Pi_{r}\rangle$ , $\langle$ \Pi r $\rangle$ \approx \leftrightarrow .
$\Pi_{r}$ , . $\epsilon_{r}$ .




.. Gaussian Field $\Pi_{r}^{G}$ $\mathrm{p}$ $\mathrm{p}$ . ,
$r^{2p/3}$ .
[1] Toshiyuki Gotoh and Daigen Fukayama 2001 “Velocity field statistics in homogeneous steady turbulence
obtained using a high resolution $DNS$”Submitted to Phys. Rev. Letl.
[2] Nianzheng Cao, Shiyi Chen and Gary D. Doolen. 1999 “Statistics and structures ofpressure in isotropicturbulence, ”Phys. $Fl$uids. $\underline{\mathit{1}\mathit{1}}$ 2235
[3] Gregory L.Eyink 1994 “Local Energy Flux and the Refined Sirnilarity Hypothesis” Journal ofStatistical
Physics. Vol. 78, $Nos.\mathit{1}/\mathit{2},$I995
[4] 2001 $’‘ s$ - -”
[5] 2001 ‘ 3 ”
[6] 2000 “3 $f\mathrm{J}$ ”









3: $\epsilon_{r}$ PDF$.R_{\lambda}=395$ .
$r_{n}/\eta=2^{n-1}dx/\eta=2.38\mathrm{x}2^{n-1},\mathrm{n}=1,\cdots,5$
















7: $r/\eta$ $\ln\epsilon_{r}$ Flatness
$\mathrm{k}\vee \mathrm{P}\grave{\mathrm{k}}$
$\mathrm{v}\mathrm{A}\tilde{4}$





8: $\epsilon_{r}^{G}$ PDF$.R\mathrm{x}=395$ .
$r_{n}/\eta=2^{n-1}dx/\eta=2.38\mathrm{x}2^{n-1},$ $n=1,$ $\cdots,$ $5$
$r_{n}/\eta=2.38\cross 32n,$ $n=1,$ $\cdots,$ $10$ .
$vee \mathrm{A}$




12: $\mathrm{n}_{r}$ PDF$.R_{\lambda}=395$ .
$r_{n}/\eta=2^{n/2}dx/\eta,n=0,$ $\cdots,$ $18$
$g\mathrm{A}$
13: $\mathrm{n}9$ PDF$.R_{\lambda}=395$ .
$r_{n}/\eta=2^{n/2}dx/\eta,$ $n=0,$ $\cdots,$ $18$
$\mathrm{B}_{\mathrm{v}}^{\mathrm{A}}\mathrm{f}\mathrm{f}\supset \mathrm{v}$
14: $r/\eta$ , $\mathrm{p}$ $(\Pi_{r}^{\mathrm{p}})$ . $p=$ 15: $(\Pi_{r}^{2})$ $r/\eta$ $\Pi_{r}$
2, $\cdots,$ $6$ . $R_{\lambda}=463$ . $\mathrm{p}$ . $p=3,$ $\cdots,$ $6$ . $R_{\lambda}=463$
$\mathrm{b}_{\mathrm{v}}^{\mathrm{A}}$






$\mathrm{p}$ . $\mathrm{p}=2,4,6$ . $R_{\lambda}=395$
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